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INTRODUCTION

Artificial drainage of agricultural lands has been practiced for centuries. Earlier techniques
devised were open ditches to drain the excess water. The widescale development of subsurface tile
drains began with the production and availability of clay tiles. Today, corrugated plastic pipe is the
most popular and efficient way to install subsurface drainage lines. The objective of agricultural soil
drainage is the removal and disposal of excess water from the rooting zone in order to improve soil
productivity. The 1971 Soil Conservation Service (SCS) handbook estimated that 130 million acres
or about one-third of all crop land in the United States is artificially drained.
The reason that some soils do not drain water adequately through the soil profile is usually
related to the presence of naturally or artificially compacted layers in the soil profile which are
restrictive to water movement. In all such cases the soil has a layer, or layers, of low permeability
which does not allow the water to penetrate downward, causing the development of a water table.
lna:iequate drainage can cause many problems for agricultural use. The two most critical
problems are an inadequate oxygen supply for normal root growth, causing injury and sometimes
death to the crop. The second and third problems are the possibility of late planting and harvesting
due to wet land.
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Effectiveness of Subsurface Drainage
Research was conducted on a Karnak silty clay soil in Hopkins County, Kentucky. The Karnak
soil is a heavy clay (45-50%) which swells when saturated and develops wide cracks when dry. To
date, the SCS has mapped approximately 82,000 acres of the Karnak soil which are predominantly
located in western Kentucky. Due to the fact that there is a water table at or near the surface during
periods of heavy rainfall, these soils are limited in their production potential unless they are artificially
drained. Once drained, they are fertile and ideal for the use of large equipment because they are
level and occur in large tracts.
The large amount of clay present gives a high porosity to the soil, but since most pores are
small in diameter, water moving downward or laterally is somewhat restricted and has a tendency
to move slowly. The field studied had been drained with corrugated plastic pipe laid 3 feet deep and
70 feet apart. Length of each drain was 2,000 feet. The drainage area for each line is approximately
3.2 acres.
Due to the nature of this soil, a major objective of this research was to determine whether the
lateral spacing of 70 feet was effective in lowering the water table quickly enough to allow accessibility
onto the field in early spring and to minimize damage to any existing crop. In order to determine
effectiveness of this drainage system, we measured drainage flow rate, hydraulic conductivity (rate
of water movement through the soil when saturated), and water table height.
The hydraulic conductivity was measured in two ways. The first was to bore holes to a certain
depth below the water table, empty the hole and measure the re-entry of water over time. Using this
method, the hydraulic conductivity was estimated to be 0.036 inches per hour. The second method
was to measure the outflow of the drain lines versus the water table height midway between the drain
lines and then mathematically calculate hydraulic conductivity. This is probably a better indicator
because it measures net flow of water through a much larger volume of soil. This estimation was
0.13 inches per hour.
Soil permeability is classified into seven groups. The first two are categorized as very slow
(less than 0.05 inches per hour), and slow (0.05 to 0.2 inches per hour). Based on our estimations
of permeability for the Karnak soil, it fits into these first two categories, indicating that movement
of water through the soil towards the drain lines is extremely slow.
Drain line flow was periodically measured during 1987-1989. The first measurement was taken
in 1987 on May 27. Because the year was so dry, only four individual recordings were taken over
a 36 day period. Based on this time period, the 1987 outflow was estimated at 0.003 inches per day.
In 1988, the drain line flow was measured between January 15 to August 2 with thirteen individual
readings. Based on this 201 day period during 1988, the outflow was estimated to be 0.018 inches
per day. The field was flooded until early March in 1989. The first measurement in 1989 was taken
on March 24 with a total of 4 measurements made over 119 days. The 1989 estimation was 0.014
inches per day. As an indicator that lateral spacing of drain lines in this field was inadequate, it was
observed on March 24, 1989, when the greatest drain line flow in three years was recorded, that
ponded surface water had drained from only 1O feet on either side of each lateral tile line. The center

50 feet between lines was still ponded. After the wateir table fell slightly below the soil surface, flow
rate from drainage tiles dropped dramaticafly.
.·
Over a 50 year period, The U.S. Geological Survey for Kentucky has recorded the drainage
flow of the Green River at Calhoun (near the research site) to be 20.13 inches per year, or 0.06
inches per day. This represents excess water from precipitation drained from the land. Relating this
to the outflow of the drain lines during 1988, they would remove only one-third of the water, leaving
the remainder in the soil.

CONCLUSION

Estimation of the rate of water movement through the Karnak soil shows it to be slow to very
slow. Based on this study it is questionable that the subsurface drain lines installed in this field are
very effective in lowering the water table much below the surface. However, this is probably sufficient
for the surface to dry enough to allow use of machinery on the field at normal planting time. In years
with a relatively high water table and reduced drain line flow, getting the crop planted may be
jeopardized if there is excessive precipitation. Although there is an indication that the existing drain
lines with 70-ft lateral spacing give some drainage of surface water, the question remains as to
whether the cost of installation outweighs this benefit or whether alternative effective surface drainage
could be implemented at less cost.
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